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Introduction
The technique of percutaneous nephrolithotomy (PNL) was first described by Fernström and Johansson in 1976 [1] . Since then, PNL has established itself as a first line treatment for the management of upper urinary tract calculi, especially large and complex renal calculi [2] . The success rate of PNL has been reported to exceed 90% in modern literature [3] . Perpetual improvisation in the technique and miniaturization of instruments may further lead to better outcomes in terms of increased success rate as well as a reduction in the incidence of complications.
PNL is generally considered a safe and effective procedure. However complications after PNL occur in a significant proportion of patients with some large studies reporting the complications in the range of 15.6-83% [4, 5] . The literature is replete with large and well designed studies which have reported the complications associated with PNL accurately. But the lack of standard stratification of complications based on their severity hampers comparison as well as reproducibility of outcome data for quality assessment.
The modified Clavien-Dindo system is a validated and rational classification system which has been used by urologists worldwide to report perioperative complications of various surgeries like laparoscopic radical prostatectomy and laparoscopic donor nephrectomy [6] [7] [8] .
Recently there has been a drive to apply this system to report perioperative complications of PNL because of its simplistic and comprehensive nature [9, 10] .
In this article, we retrospectively reviewed our experience with PNL to grade the perioperative complications according to the modified Clavien classification and assess its usefulness and shortcomings in the grading of these complications.
Materials and Methods
We retrospectively analyzed the data of 809 patients from our PNL registry who underwent PNL between 2010 and 2014. Routine preoperative investigations included complete blood count, renal function profile, coagulation profile, urinalysis and urine culture. All documented urinary tract infections were treated with appropriate antibiotics before the surgery. A sterile urine culture was ensured before surgery. In patients in whom urine sterilization was not possible prior to surgery, the procedure was done under antibiotic cover. In patients with frank pus on initial puncture, the procedure was deferred, a percutaneous nephrostomy tube inserted and culture sensitive antibiotics were administered.
Baseline imaging in the form of ultrasound abdomen followed by either intravenous urography or CT urography was done for anatomic and functional evaluation of the pelvicalyceal system and morphodensitometric characteristics of the calculi. For the purpose of the study the stones were broadly classified as simple (isolated renal pelvic or calyceal stones) or complex stones (partial or complete staghorn or concomitant renal pelvic and calyceal calculi) [11] . Other parameters like age, sex, laterality, mean operative time, site of puncture, number of punctures and ancillary procedures required were noted in all cases.
PNL was performed in prone position in all patients after placing a ureteral catheter. Puncture was done by bull's eye technique under fluoroscopic guidance. Tract dilatation was done using rigid telescoping coaxial dilators. Tract sizes ranged from 26 to 32 Fr. 
No. of complications
Curr Urol 2017;11:79-84
Using the Modified Clavien Grading System to Classify Complications of Percutaneous Nephrolithotomy
81
Postoperatively complete blood count and renal profile were obtained. All patients were followed-up 1 month postoperatively. Success was defined as the absence of calculi or the presence of clinically insignificant residual fragments (CIRF) on non-contrast CT scan. CIRFs are those residual calculi which are < 4 mm in size, asymptomatic, non obstructive and non infectious [12] . Perioperative complications were classified based on the modified Clavien grading system [13] . Comparison between complications arising from simple and complex calculi was made by using the Chi-square and Fisher exact test. A univariate analysis was performed in which the relationship between some independent variables and occurrence of complications was analyzed. Data were expressed as mean plus standard deviation and a p value < 0.05 was considered statistically significant. Odds ratio was calculated and statistical determinations were within the 95% confidence interval.
Results
The descriptive data of the patients is summarized in table 1. Overall, PCN tube placement was done in 61.1% (n = 494) cases, 33.7% (n = 273) were tubeless (only DJ stent) and 5.2% (n = 42) were totally tubeless (no DJ stent or PNL). At the 1-month follow-up, an overall success rate of 93.2% (n = 754), including CIRFs observed in 12.1% (n = 97), was achieved. Table 2 lists postoperative complications classified by the modified Clavien grading system. Table 3 shows the comparison of complications between patients with simple and complex calculi. Patients with complex calculi showed a statistically significant increased complication rate in modified Clavien categories 1, 2 and 3. Grade 4b and 5 complications were exclusive to the patient cohort with complex calculi. Interestingly, the difference in the incidence of complications was not statistically significant when both these groups were compared with regard to Clavien grade 4a complication group. Table 4 depicts a univariate analysis of various predictors of complications after PNL. Only multiple accesses and a positive preoperative urine culture appear to correlate with the increased rate of complications after PNL.
Discussion
Since its introduction in 1976, PNL has established itself as a safe and effective procedure in the management of large renal calculi [1, 2] . Both these attributes are a result of proper patient selection, continuing technical advances and increasing familiarity with this procedure among practicing urologists. As with all surgical procedures, occurrence of complications is inherent to this procedure as well. Earlier publications reported the complication rates of PNL in the range of 75% [13] . However, current literature indicates that the complication rate has declined significantly, with most series reporting complication rates of around 30% [14] . In our study, this rate is 29.29% which is in agreement with the current literature.
However, there is a significant discrepancy in the available data which arises from the absence of existence of a uniform reporting system. Terms such as major and Infection is the most common complication that occurs after PNL [15] . It may range in severity from mild postoperative fever to septicemia which may further lead to significant morbidity and even death. The second Clinical Research Office of the Endourological Society study group investigated the incidence of urinary tract infections, post-procedural fever and various factors responsible for it across 96 centers [16] . They reported that 39.8% patients developed fever during the first 24 hours after the surgery. This rate dropped to about 13% when the patients were reassessed beyond 24 hours of the procedure. In our study, fever was seen in only 3.1% of the cases. The lower incidence of grade 1 complications could also be biased by the retrospective nature of the present study. Minor degrees of fever may have been overlooked and hence under reported. Furthermore, fever accompanied several other complications such as infections requiring additional antibiotics as well as a side effect of blood transfusion. But fever alone, responding well to antipyretics, was classified as grade 1 and observed in 3.1%.
Our results showed that grade 2 complications were most common after PNL with a blood transfusion rate of approximately 8%. This is much higher than that reported by El-Assmy et al. [10, 17] (approx 4%) but comparable to those reported by Tefekli et al. (approx 10.9%) [10]. The reason for higher rate of transfusion in our study group may be due to a substantial number of patients with complex calculi requiring multiple accesses. In our experience, performing additional punctures for residual stones and achieving a complete stone clearance, despite the increased risk of bleeding, was better accepted by our patients, than undergoing additional procedures for the same.
Renal hemorrhage requiring angioembolization was seen in only 4 (0.5%) of our patients and owing to this small number we could not identify any risk factors that may have been responsible. El-Nahas et al. [18] in their retrospective study of 3,878 PNLs tried to identify various risk factors for hemorrhage requiring angioembolization. They found that upper calyceal puncture, solitary kidney, staghorn calculi, multiple site access and an inexperienced surgeon were significant risk factors. The incidence of extensive post-PNL hemorrhage was 1% in their study. Srivastava et al. [19] reported that approximately 1.4% of their patients required angiography or angioembolization for control of hemorrhage and found only stone size to be a significant risk factor.
Overall, grade 3a complications occurred in 6.4% of our patients which is similar to those of Tefekli et al. [10] (6.6%) but much higher than those reported by Moreno-Palacios et al. (4.5%) [20] . About 3.5% cases were of prolonged postoperative urinary leakage which were managed easily with DJ stenting. Munver et al. [21] reported intrathoracic complications with a rate of 16% for supracostal compared to 4.5% for subcostal tracts. In our study, intrathoracic complications requiring intercostal tube drainage occurred in 1.1% of cases.
Grade 3b complications were seen in 3.5% of our subjects. However, some complications like urethral stricture and infundibular stenosis are seen long after the patient has been discharged. The Clavien-Dindo system was validated for a 30-day hospital stay and to include delayed complications into a system not validated for that length of time may actually introduce more heterogeneity. We believe that these complications are a result of unintentional intraoperative events and have therefore been included in our study.
Grade 4 complications consist of single or multi organ dysfunction requiring ICU care. These were seen in 1.2% of our cases. Four (0.5%) of our cases suffered from acute renal failure in the immediate postoperative period. It is known that glomerular filtration rate decreases in the first 48 hours after PNL but acute renal loss or progression to end-stage renal disease is rare [22] . In fact, Bilen et al. [23] reported that almost all patients of chronic kidney disease treated with PNL had a net glomerular filtration rate benefit from surgery.
In the current study we also compared the complication rates between 2 groups of patients, one with simple and the other with complex calculi. We found that complications were significantly more common in patients harboring complex calculi compared to those presenting with simple calculi in Clavien groups 1, 2 and 3. Grade 4b and 5 complications were exclusive to patients with complex calculi. Tefekli et al. [10] in their study found that grade 4 and 5 complications were seen with similar frequency in both the groups indicating that these complications may be a result of anatomic and technical problems compounded by underlying medical disorders.
We also performed a univariate analysis of the certain obvious factors that appear to have a bearing on the outcome of surgery in terms of the complication rates (table  4) . In our study, we found that a positive preoperative Curr Urol 2017;11:79-84
Using the Modified Clavien Grading System to Classify Complications of Percutaneous Nephrolithotomy 83 urine culture and multiple accesses were associated with a significantly increased complication rate. Tefekli et al. [10] in their retrospective review concluded that diabetes mellitus and hypertension significantly increase the rate of complications after PNL. Moreno-Palacios et al. [20] in their study identified female gender, complex calculi and operative time > 120 minutes as factors associated with severe complications. Our study is in concordance with various other studies which have found that the complications of PNL are statistically independent of body mass index [24] [25] [26] .
The modified Clavien system classifies the complications in a standardized manner. It can also be used as a tool for internal quality assessment and evaluation of learning curves of a particular procedure [27] . However, the Clavien system does have some shortcomings. Grading of the same complication may differ across institutions. A procedure routinely done under general anesthesia at a certain institute may be done under local or regional anesthesia elsewhere. Hence, the patients grouped under category 3a at one institute may find themselves placed in category 3b at another institute. The subdivision of group 3 based upon the type of anesthesia required and not the surgical procedure. Hence it fails to take into account the incidental morbidity of various ancillary procedures. For example, urethral stricture requiring optical internal urethrotomy may be sub classified in the same category as hemorrhage requiring nephrectomy. The indications for ICU care also differ among various centers. The rates of ICU admission are dictated by various factors like economic considerations of the patient, institutional policies, physician preference and insurance policy issues. ICU admissions may also be due to associated anesthetic complications and not surgical complications alone. Also, there is a lack of consensus on whether some events should be regarded as complications or routine sequelae of surgery. For example, peri-PNL leakage of urine in the early postoperative period has been considered a minor complication in some studies but not in others. There are certain complications like infundibular stenosis and urethral stricture which have a delayed presentation. Hence it is difficult to include these in a system which itself has been validated for only 30 days [6] . de la Rosette et al. [28] reported that the interobserver agreement in grading complications is modest. They found that interobserver reliability is low for minor complications but high for severe complications.
Conclusion
PNL is associated with a high degree of success and an acceptably low complication rate when used for the treatment of renal calculi. A simplified and well structured classification system for categorization of complications seems to be very attractive. The modified Clavien system, despite its various limitations, is a reasonable tool for grading and reporting of complications following PNL till a better system is proposed.
